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$(M, N)$ $M$ $M=$ $\{$1, ..., $m\},$ $N$
$N=$ $\{$ 11, . .., $n’\}$ $i\in M$ 1
$j\in N$ ( )
$T\geq 2$
4.1
$X:=$ {O, $e^{1},$ $\cdots,e^{T}$ } $\mathrm{x}$
$\mathrm{R}_{+}$ $i\in M$ $(e^{k}, c)\in X$
$\mathrm{R}_{+}$ $k=1,$ $\ldots,$ $T$
$k$ 1-. 0 $T$ $k$
1 0 $(M, N)$
$c$ $i\in M$ $I_{\dot{*}}>0,$ $k$
$p_{k}$ $c=I.\cdot-pk$ $c$
;: $Xarrow R$ $ui$
A( ) $i\in M$ $ae\in$ $\{0, e^{1}, \cdots,e^{T}\}$ $\mathrm{b}.$ (g:, $c$)
$c$ $k=1,$ $\ldots,$ $T$ $u$:(0, I-)>
$(e^{k}, 0)$
A
$N=\{1’, \ldots, 1’\}$ $N=N_{1}$ U... $\cup N\mathrm{r}$
$j\in N_{k}$ $k$ $j\in N$
$\ovalbox{\tt\small REJECT}$ : $\mathrm{z}_{+}\prec \mathrm{R}_{+}$ $\mathrm{Z}_{+}$
$\mathrm{B}$ ( ) $j\in N_{k}(k=1, \ldots T)$ $yj\in \mathrm{Z}_{+}$ $C_{j}(yj+$
$1)-Cj(yj)\leq C\mathrm{j}(yj+2)-Cj(yj+1)$ $C_{j}(0)=0$ $C_{\mathrm{j}}(1)>0$
$\ovalbox{\tt\small REJECT}(yj+1)-Cj(y\mathrm{j})\leq C_{j}(y\mathrm{j}+2)-Cj(yj+1)$ $C_{\mathrm{j}}(y_{j})$ $y_{j}$
( $t$ ) 1 $C_{j}(0)=0$





1( ) $p\in \mathrm{R}_{+}^{T},$ $x\in$ $\{0, e^{1}, \cdots,e^{T}\}^{m}$ $y\in \mathrm{z}_{+}^{n}$ $(p, x, y)$
. $(p, x, y)=$ ( $(p_{1},$ $\ldots,p\tau),$ $($ \sim 1, ..., $x_{m}),$ $(y_{1},$ $\ldots,$ $y$n)) $\sigma$) 3
:
(1 ) : $i\in M$ $I_{\dot{l}}-pae:\geq 0$ pgi=\Sigma Tk=lpkx .
xi\sim ae: $k$ $(i=1, \ldots, m.)$
(2): $I_{-}-pae^{\underline{\prime}}\geq 0$ $x^{\underline{\prime}}\in$ $\{0, e^{1}, \cdots,e^{T}\}$ $u_{\dot{*}}$ (”i, $I.\cdot-pae:$ ) $\geq u:(ae\mathit{4}, I_{\dot{l}}-pae^{J}.\cdot)$
: $j\in N_{k}$ $k=1,$ $\ldots,$ $T$ $y_{j}’\in \mathrm{Z}+$
$p_{k}y_{j}-C_{\mathrm{j}}(y_{j})\geq p_{k}y_{j}’-C_{j}(y_{j}’)\vee C$.
: $\sum_{:\in M}\mathrm{g}:=\sum_{k=1}^{T}\sum_{j\in N_{k}}y_{\mathrm{j}}e^{k}$
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$(M, N)$
1( ) $(M, N)$
$(p, x, y)$ $p$
$(M, N)$
2( ) $(p, x, y)$ $p$ $(M, N)$
$p’$ $p\geq p’$
$(M, N)$ Kaneko [4]
Miyake [7] T
2( ) $(M, N)$




$M=$ $\{$1, . . ., $m\}$ $I_{i}$
,
$I_{1}\geq I_{2}\geq...\geq I_{m}$ (1)
$\mathrm{C}$ ( ) $i,i’\in M$ (., $\cdot$) $=ui’(\cdot, .)$
$u_{\dot{2}}$ (x:, $c$) $u$ (xi, $c$)
$\mathrm{C}$
$I_{i}$ (
E) $i\in M$ $i’\in M$
$\mathrm{D}$ ( ) $u$ (\sim i, $c$) $>u(ae_{\dot{l}}’, d)$ $\delta>0$ $u(X_{1}., \mathrm{C})=$
$u(ae_{\}’., d+\delta)$ .
$\mathrm{E}$ ( ) $u$ (a:, $c$) $=u(ae’\dot{.}, c/)$ $c<c’$ $\delta>0$
$u$ (\sim i, $c+\delta$) $>u$ (x}, $d+\delta$)
$\mathrm{D}$
$\mathrm{E}$




$\mathrm{D}$ $\mathrm{E}$ $u$ (xi, $c$) $=u$ ($ae^{\underline{l}},$ $c$l) $c<c’$ $\delta>0$
$u$ (oei, $c-\delta$) $<u(\sim:, d-\delta)$ $\mathrm{E}$
( )
$\mathrm{F}$ ( ) $u$ (e1, $0$) $>u$ (e2, $0$) $>\cdots>u$ (eT, 0)
75
$\mathrm{F}$ $(e^{1},0),$ $u$ (e2,0), $\cdots,$ (el, 0)
$\mathrm{D},$
$\mathrm{E}$ $\mathrm{F}$ $c\geq 0$ $u$ (e1, $c$) $>u$ (e2, $c$) $>\cdots>u$ (eT, $c$)





$h_{k}$ $h_{k}>h_{k+1}$ , ($k=1,$ $\ldots,$ $T$ -l)
$g$ $c$ $g$ $c$
$\lim_{\mathrm{c}arrow+\infty}g(c)=+\infty$
2.4






1(p, $x,$ $y$ ) $(M, N)$
1 $ae:=e^{k}$ $k’<k$ $pk^{\iota}>p_{k}$
2. $ae_{i}=e^{k},$ $ae:’=e^{k’}$ $I_{\dot{l}}>$ Ii’ $k\leq k^{l}$
Kaneko et al. [6] 1
$\mathrm{G}$ $(p, x,y)$
$k=1,$ $\ldots,$ $f$ \Sigma j\in Nkyj $>0,$ $k=f+1,$ $\ldots,$ $T$ [ \Sigma j\in Nkyj $=0$ .
3( ) $\mathrm{G}$ $f(1\leq f\leq T)$
76
$\mathrm{G}$ $f$




4( ) $(p, x, y)$ $G$
$G(k)= \sum_{t=}^{k}1\sum_{j}$6Nyj’ $(k=1, ..., T)$ (3)
$G$ (k) $k$
$G$ (k) $k$




$u(e^{f-2}, I_{G(f-2)}-p_{f-2})=...u(e^{f-1},I_{G(f-2)}-p_{f-1})$ : $\}$ (4)
$v(e^{1}, IG(1)-p1)=u(e^{2}, IG(1)-p2)$ .
(4) 1 $pf-1$ $G(f-1)$ $f$
$pf$ $f-1$









3( ) $(p, x, y)$ $k=1,$ $\ldots,$ $f$-
1 $IG(k)=IG(k)+1$ $(p, ae, y)$ (4)
77
Kaneko et al. [6] $I_{G(k)}=I_{G(k)+1}$ $m$ $T$
T
$\mathrm{H}$ $(M, N)$ $k=1,$ $\ldots,$ $f$ -l $IG(k)=IG(k)+1$
‘ 4.1
2.5
Kaneko et al. [6]
-
1. $M=$ $\{$1, ..., $m\}$ $\hat{M}=\{\hat{1}, =..,\hat{m}\}$ $N=$ $\{$1, ..., $n\}$
$\hat{N}=\{\hat{1}, \ldots,\hat{n}\}$
2. $I_{1},$ $\ldots,$ $I$m $\hat{I}_{\hat{1}},$ $\ldots,\hat{I}_{\mathrm{i}}$ ( $M$ $\hat{M}$
)
3. $f$ $\hat{f}$
A $\mathrm{H}$ $(M, N)$ $(\hat{M}, N\hat)$
$G(k)$ $I_{G(k)},$ $(k=1, \ldots, T)$
(4) $p$ $I_{G(k)},$ $(k=1, \ldots, f-1)$
$(M, N)$ $(\hat{M}, N\hat)$ $I_{G\{k)},$ \sim (k
$I_{G(k)}$ $\hat{I}\delta(k)$
$p$ $\hat{p}$
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4( ) $p$ $\hat{p}$ $(M, N)$ $(\hat{M}, N\hat)$




















2 1, 2 $U$(s, $t,$ $\mathrm{c}$) $=3.8s-2.1t+300\sqrt{c}/10$
$\epsilon,$
$t$ $3.8s-2.1t$









$u$ $(e^{t}, c)=h_{t}+g(c)$ (5)








3 $\hat{I}_{\hat{G}(t)}=IG(t)$ , ($t=1,$ $\ldots$ ,
$I_{G(1)}>I_{G(2)}>\cdots>IG\mathrm{t}f-1$ ) $>I_{G(f)}$


























5 5 4 $\mathrm{i}$),
$\mathrm{i}\mathrm{i}),$ \"ui) $\mathrm{i}\mathrm{i}\mathrm{i}$ )
( )
i\"u) $2\leq l$
4 $\text{ }$ }$\mathrm{h}_{\text{ } }$6 $\ovalbox{\tt\small REJECT}\overline{\tau}$ $1J$ \dagger f
81
$\mathrm{i}\mathrm{v}$ ) $\mathrm{i}\mathrm{i}\mathrm{i}$ )
4
5 1-4
$\mathrm{i})$ . $t=k+1,$ $\ldots,$ $f$ -l $\mathrm{A}$ $\hat{p}_{t}=p_{t}$ .
$\mathrm{i}\mathrm{i}).\hat{p}_{k}>p_{k}$ .
i\"u). $t=1,$ $\ldots,$ $k$ -l $\hat{p}_{l}<p_{t}$ .
$\mathrm{i}\mathrm{v})$ . $t=1,$ $\ldots,$ $k$ -2 $\hat{p}_{t+1}-p_{t+1}<\hat{p}_{t}-p_{t}<0$ .
.
$\mathrm{i})$ . $(M, N)$ $(\hat{M}, \hat{N})$
$k+1\leq t\leq f-1$ $t$ l
$g(I_{G(t)}-p_{t})-g(I_{G(t)}-j\wedge t)$ $=g(I_{G(t)}-pt+1)$ $-g(I_{G(t)}-\hat{p}_{t+1})$ (6)
2 $pf=\hat{p}f$ (6) $\hat{p}f-1=pf-1,$ $\cdots,\hat{p}_{k+1}=$
$p_{k+1}$
\"u). i) $t=k$
$g$ (IG$(k)-\hat{p}_{k}$) $-g(IG(k)-p_{k})=g(IG(k)-\hat{p}k+1)-g$ (IG$(k)-pk+1$ ) $+(h_{k}-\hat{h}_{k})$
. i) $\text{ }\hat{p}_{k+1}=p_{k+1}$ $g(I_{G(k)}-\hat{p}_{k})-g(I_{G(k)}-p_{k})=(h_{k}-\hat{h}_{k})<0$
$\hat{p}_{k}>pk$
\"ui). $\hat{p}_{k-1}<pk-1$ $1\leq t\leq k-2$
$g$ $(I_{G(t)}-pt)$ $-g(I_{G(t)}-\hat{p}t)=g(I_{G(t)}-p_{t+1})-g(I_{G(t)}-pt+1)$ (7)



















$=$ { $g$ ($I_{G(k-1)}-$ pk)-g $(I_{G(k-1)}-p_{k})$ } $-\{g(I_{G(k)}-\hat{p}_{k})-g(I_{G(k)}-p_{k})\}$ (10)
$+\{g (IG(k)-\hat{p}k+1)-g(IG(k)-pk+1)\}+\hat{h}_{k+1}-hk+1$
(10) $\mathrm{i}$), \"u) $\hat{h}_{k+1}=h_{k+1},\hat{p}k+1=pk+1$ $\hat{p}_{k}>pk$
$g$
$g(I_{G(k-1)}-\hat{p}_{k-1})-g(I_{G(k-1)}-p_{k-1})$
$=\{g(I_{G(k-1)}-\hat{p}_{k})-g(I_{G(k-1)}-p_{k})\}-$ { $g(I_{G(k)}-\hat{p}$k)-g $(I_{G(k)}-p_{k})$ } $>0$ (11)
$\hat{p}k-1<pk-1$
$\mathrm{i}\mathrm{v})$ . $t=1$ $\mathrm{i}\mathrm{i}\mathrm{i}$ ) $0=\hat{I}_{\hat{G}(1)}-I_{G(1)}>\hat{p}_{1}-p_{1}$ 4
$\hat{p}_{2}-p_{2}<\hat{p}_{1}-p_{1}<0$ $t=2,$ $\ldots,$ $k$ –2
5 2 $\mathrm{i}$), $\mathrm{i}\mathrm{i}$) $2\leq l$
1-4 $\mathrm{i}’$ ). $t=k+l,$ $\ldots,$ $f$ –l
$\hat{p}_{t}=p_{t},$ $\mathrm{i}$i’). $\hat{p}k+l-1>pk+l-1$ .
i\"u) (11) $G(k-1)$
$k-1$ $k$







$\mathrm{i}\mathrm{i}\mathrm{i}$ ), $\mathrm{i}\mathrm{v}$ ) 5
6 1, 2, 4 $\hat{I}_{\hat{G}(k)}>I_{G(k)}$ , I^\mbox{\boldmath $\delta$}( =IG( ’ $(t\neq k)$
$t=k$
$\mathrm{i})$ . $t=k+1,$ $\ldots,$ $f$ -l $\hat{p}_{t}=p_{t}$ .
$\mathrm{i}\mathrm{i}).\hat{p}_{k}>p_{k}$ .
i\"u). $t=1,$ $\ldots.’ k$ -l $\hat{p}_{t}>p_{t}$ .
$\mathrm{i}\mathrm{v})$ . $t=1,$ $\ldots,$ $k$ -2 $0<\hat{p}_{t}-p_{t}<\hat{p}_{t+1}-p_{t+1}$ .
. i) 5 \"ui) $\mathrm{i}\mathrm{i}$)
\"u). $t=k$






$\mathrm{i}\mathrm{v})$ . $t=1,$ $\ldots,$ $k$ -l $\hat{I}_{\hat{G}(t)}-I_{G(t)}=0<\hat{p}_{t}$ $p_{t}$ 4
6 $\mathrm{i}\mathrm{i}$) ( $G$ (k) )
$k+1$ $k$ (12)
$\hat{I}\mathrm{g}_{(k)}>I_{G(k)},\hat{p}k+1=pk+1$ $\hat{G}$(k)
$k+1$ $k$ $G$ (k) (13)
$\hat{p}_{k}$
$p_{k}$ $k+1$ $k$



















$h_{k}$ }2 $G(k-1)$ $k-1$
$k-1$ $k$
(15) (14)













$t=1,$ $\ldots,$ $k$ -l 5 (7) $\hat{p}_{t}$ $p_{t}$
$k$
$k$ $\hat{p}_{k-1}<p_{k-1}$




2 1-4 $\hat{p}_{l}>p_{t},$ $(t=k,$ $\cdots,$ $k+l’-$
$1,1\leq l’\leq l)$ $\hat{p}k+l’\leq p_{k+l’}$ $\hat{p}k-1<p_{k-1}$
















$\hat{p}_{k}>p_{k},\hat{p}k+1>pk+1$ $\hat{p}_{k+2}\leq Pk+2$ (18)
$\{g(I_{G(k-1)}-\hat{p}_{k})-g (I_{G(k-1)}-p_{k})\}-$ { $g(I_{G(k)}-$ pk)-g $(I_{G(k)}-p_{k})$ } $>0$ ,
$\{g(I_{G(k)}-\hat{p}_{k+1})-g(I_{G(k)}-p_{k+1})\}-\{g(I_{G(k+1)}-\hat{p}_{k+1})-g (I_{G(k+1)}-p_{k+1})\}>0$,
$g(IG(k+1)-\hat{p}k+2)-g(IG(k+1)-p_{k+2})+\hat{h}_{k+2}-h_{k+2}>0$




$\sum$ p^k+l’ $\leq pk+l’$ $g$ (IG$(k+l’-1)-\hat{p}k+l’$ ) $-$
$g(I_{G(k+l’-1)}-pk+l’)+\hat{h}_{k+l’}-h_{k+l’}>0$ $\hat{p}k-1<pk-1$ .
2




$g$ (IG$(k-1)-\hat{p}_{k-1}$ ) $-g($IG$(k-1)-p_{k-1})$
$=g$ (IG$(k-1)-\hat{p}_{k}$) $-g($IG$(k-1)-pk)$ $+\hat{h}_{k}-h_{k}$ (20)
$\hat{h}_{k}>h_{k}$ $\hat{p}k\leq p_{k}$ $g$ $(I_{G(k-1)}-\hat{p}_{k}-1)-g(I_{G(k-1)}-p_{k-1)}>$
$0$ $\hat{p}_{k-1}<\mathrm{P}k-1$ $\hat{p}_{k}>p_{k}$ $k+1\leq t\leq k+l-1$
$t$ $\hat{p}_{t}\leq p_{t}$ 2 $\hat{p}_{k-1}<pk-1$ $k+1\leq t\leq k+l-1$











2.4 Kaneko et al. [6]









2002 5 23 Yahoo!
5 4 $\mathrm{m}^{2}$ 4 \lceil 26-45\rfloor
$26\mathrm{m}^{2}$ $46\mathrm{m}^{2}$ 5





$U(s, t, c)=3.8s-2.1t+300\sqrt{c}/10$ (22)
$s$ <25,26-45, $46\sim 65$,66-85 $(\mathrm{m}^{2})$
15, 35, 55, 75 $t$ 18, 29, 42, 49, 60
$c$ ( )
4 (22) 2 $s$ $t$ $3.8s-2.1t$











$G$(y, $\cdot$ . . , $G$ (19) 1
$G(1)=13$ $I_{G(1)}=I_{1S}=741$ ( ) 6
$pf=p20=52$ ( )
$f=20$ 76 6





8: –$—\text{ }$ ( $\cross 1$ ,000 )
$t$ $pt$ $\hat{p}\underline{t}-$ $\hat{p}_{t}-p_{t}$ $t$ $p_{t}$ $p$^t $\hat{p}_{t}-p_{t}$
1188.28 188.08 -0.207 11 107.50 107.50 0.000
2176.78 176.57 -0.209 12 102.59 102.59 0.000
3 163.12 162.91 -0.212 13 90.50 90.50 0.000
4155.79 155.58 -0.213 14 84.17 84.17 0.000
5150.33 150.12 -0.214 15 79.71 79.71 0.000
6144.29 144.08 -0.216 16 75.23 75.23 0.000
7138.89 138.68 -0.217 17 71.4171.410.000
8 125.42 125.21 -0.219 18 62.65 62.65 0.000
9118.24 124.82 6.573 19 58.38 58.38 0.000
10 113.06 113.06 0.000 20 52.34 52.34 0.000
4.2
3
4.2.1 5( ) 4.2.2 1( )
4.2.3 3.3 6( ) 4.2.1
4.2.1
p.21 4 9 (
$46- 65\mathrm{m}^{2}$ ) 7
3.2
4 7
8 8 $p_{t},$ $p$^t 7
8 $t=1,$ $\ldots,$ $10$





7: $\hat{p}-p$ ( , :1,000 )
1 T $\ddot{\mathrm{n}}\mathrm{i}$)
. $\mathrm{i}\mathrm{v}$ ) , $\hat{p}_{8}-p\S<\hat{p}_{7}-p_{7}<\cdots<\hat{p}_{1}-p_{1}<0$
4.2.2










8: $\hat{p}-p$ ( , : $\cross 1,000$ )
33







$1$ 188.28 188.40 0.119 11 107.50 107
$t$ $p_{t}-p_{t}$
$.50$ 0.000
176.78 176.90 0.120 102.59 102.59 0.000
163.12 $163\overline{.25}$ 0.122 90.50 90.500.000
155.79 155.91 0.1227 84.17 84.17 0.000
150.33 150.45 0.1232 15 79.71 79.71 0.000
144.29 144.42 0.124 75.23 $75_{-}.\underline{2}3$ 0.000
$1\epsilon^{-_{8.89}}$ 13902–. 0.125 71.41 71.41 0.000
125.42 125.55 0.126 62.65 62.65 0.000
118.24 118.37 0.127 58.38 58.38 0.000
113.06 113.06 0.000 20 52.34 52.34 0.000
$\grave{\mathrm{p}}- \mathrm{p}$
$\mathrm{t}$






$\text{ }$ 5 .
9 $I_{G(9)}=625$ ( ) $\hat{I}_{\xi(\mathfrak{g})}=650$ ( )
11, 9 $k=1$ 9
$\hat{p}_{9}$ $-p_{9}>\hat{p}_{8}-p_{8}>1\cdot\cdot>\hat{p}_{1}-p_{1}>0$
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